Introduction
Previously, the author reported the occurrence of the cold water copepod, Metridia lucens BoECK, in the plankton samples collected from the sea south of Japan (FuRUHASHI: 1965) . In that paper, it was suggested that the occurrence of such a subarctic copepod in the Kuroshio region was due to the submerged extension of the cold Oyashio current underlying the warm water flowing off the east coast of Honshu. That suggestion, however, will be accepted generally only when the ecological aspects on the pelagic copepod fauna of the Oyashio region such as the vertical distribution, the vertical migration and the life cycle, are cleared up.
The present study which is based on the material consisting of twenty five samples of the pelagic copepods collected from the deep water at five stations off the eastern and the southern coasts of Japan is to show the lower limit of distribution and the composition of the subarctic copepod population in each of the Oyashio region east of Japan and the Kuroshio region south of Japan. The comparative study of those, then, will be very helpful to learn the general outline of the ecological aspects of the subarctic copepods.
The five stations are shown in Figure 1 . Six collections were made between 1646 m deep and the surface at St. S-1 in the Oyashio region off Hokkaido in May 1964, five collections between 992 m deep and the surface at St. H12 far east off Hokkaido near the southern mixing periphery of the Oyashio in the same time, five coliections between 1340 m deep and the surface at St. S-2 in the sea east off Boso partially showing the southern limit of the Oyashio at the surface in May 1964, and six collections between 3010 m deep and the surface at St. T-1 in the sea near Torishima Island situated south to the main stream of the Kuroshio inJul~ 1963. The collections were each made by the author in layer of different depth by vertical haul of a closing net on board the R. V. Ryofu Maru. The net used had a 30 em mouth diameter and Publ. Seto Mar. Bioi. Lab., XIV (4), 295-322, 1966. (Article 20) was stretched with the fine bolting silk with about 0.3 mm square meshes (GG 54) . In addition to those samples, three more samples were collected by Mr. K. KuRODA between 526 m deep and the surface at St. N-1 in southern Enshunada in March 1965. These collections were made by using a closing net with a 51 em mouth diameter on board the R. V. Shumpu Maru. The composition of the copepod population in each sample is shown in Tables 6 to 10 in the middle of this article, and the vertical distribution of the water temperature at each station is given in Figure 7 . •T-1 The results of the comparative study of the vertical distributions of the cold water copepods in the northern part of the Oyashio region, the southern part of the Kuroshio region, and in the mixing area between the two regions show that the number of individuals of the cold water copepods decreases and the layer of their occurrences goes down with the distance from the proper area of the Oyashio region.
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Occurrence of copepods in the Oyashio, the Kuroshio, and the mixing regions i) Copepods from the Oyashio region (Tables 1 and 6) Forty-six species were found in the six samples taken at St. S-1 in the Oyashio region. Occurrences of respective species in each layer are shown in Table I . (Tables 2 and 3) Sixty-four species were found throughout the five samples taken at St. Hl2 in the sea far east off Hokkaido where the Oyashio mixes with the extension of the Kuroshio. The majority of species were found in the sample collected from 252m to 512 m, and Metridia lucens and Oncaea conifera were distributed in the mid to deep water, as collections were made in the daytime, when they were descending from the surface layer. Table 3 shows that 70 species were found throughout the five samples taken at St. S-2 in the sea near the eastern coast ofBoso where the southern ends of the Oyashio extension were often observed at the surface. The total number of species limited to respective layers attains 64 per cent to the total number of species found at that station. Mecynocera claus£, Ctenocalanus vanus and Acartia negligens were dominant in the upper layer, Clausocalanus arcuicornis, Pleuromamma gracilis, Oithona plumifera and 0. setigera were dominant in the water shallower than 457 m, Mormonilla phasma was dominant in the mid-water, Spinocalanus abyssalis and Oncaea conifera were dominant in the mid to deep water, Calanus helgolandicus, Rhincalanus nasutus, Eucalanus crassus in copepodite stages, Microcalanus pygmaeus, Isochaeta ovalis, Oncaea ornata and Conaea gracilis were dominant in the deep water.
iii) Copepodsfrom the Kuroshio region (Tables 4, 5, 9 and 10) One hundred and six species occurred in the six samples taken at St. T-1 in the sea near Torishima Island south of the main flowing of the Kuroshio. The total number of species in respective layers is large except for the deepest layer. The species found in the uppermost layer (0-217 m) are mainly the inhabitants of the surface water of the temperate and tropical regions, while none of the species found in the layer from 234 m down to 434 m shows any special vertical distribution. In other words, the species from the 234 m-434 m layer may migrate from the surface to a considerable depth. Calanus minor, Eucalanus subtenuis, Mecynocera clausi> Clausocalanus furcatus> Ctenocalanus vanus> Acartia negligens and Copilia mirabilis were common in the upper layer. Clausocalanus arcuicornis and Oncaea venusta were dominant in the water shallower than 616 m, Rhincalanus nasutus> Scaphocalanus curtus and Metridia venusta were common in the mid-water. Spinocalanus abyssalis) Mormonilla minor and Conaea gracilis were distributed in the water deeper than 234 m, Calanus finmarchicus) Spinocalanus spinipes> Mormonilla phasma and Oncaea ornata were dominant in the deep water. Oithona plumifera> 0. setigera and Oncaea conifera were dominant throughout the whole layers from the surface to 3010 m. In the deepest layer, 2000 m to 3010 m, only 19 species were found; the number of individuals was very small in each species. The occurrence of the subarctic species, Eucalanus bungii bungii in copepodite stages, in the 582 m to 1236 m layer at this warm water station is very noteworthy, and this will be discussed later.
One hundred species occurred in the 3 samples taken at St. N-1 off the southern coast of Japan and north to the main stream of the Kuroshio current. The number -- I 9 7, 0 3 9 9, o9 9 1
S. caudatus SARS --
9 18, o3 9 27, 0 2 9 2 0. sp. ( 0 ) · -- 
Composition of dominant copepods in the Oyashio and the Kuroshio regions
The following species were abundant only in the Oyashio region: Scolecithricella minor and the copepodite stages of Calanus cristatus in the upper layer, Racovitzanus antarcticus and Metridia longa in the mid-water and Heterorhabdus tanneri in the deep water.
Calanus plumchrus in copepodite stages and Pseudocalanus minutus were dominant in the upper water of both the Oyashio and the transitional area and Pleuromamma scutellata was dominant in the mid-water of the same regions. The last species was shown as Pleuromamma sp. in my previous paper (FuRUHASHI: 1961, p. 10) , occurred at that time in the midwater of the Oyashio region. The vertical distribution of this species at four stations is shown in Fig. 2 . The species is completely missing in the Kuroshio region. Metridia lucens is dominant in the mid to deep water in the Oyashio region and the transitional area when the collection is made in the daytime, while it is found abundantly in the surface to subsurface samples obtained in the same regions when the collection is made at night.
It is noteworthy that MINODA ( 
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that the present author confirmed the rich occurrences of Metridia tonga in the surface water of the Okhotsk Sea by examining the plankton samples collected by the Hakodate Marine Observatory in summer of 1961. These facts may illustrate that the populations of the above mentioned three species are originated respectively in the Bering Sea and the Okhotsk Sea.
On the other hand, in the Kuroshio region, Scaphocalanus curtus and Metridia venusta dominated in the mid-water and Conaea gracilis, Mormonilla phasma and M. minor were dominant in the deep water. The distribution of Conaea gracilis is shown in Fig. 3 . Isochaeta ova/is was dominant in the deep water of both the Oyashio and the Kuroshio region east of the Bonin submarine ridge. Oncaea ornata, 0. conifera and Spinocalanus abyssalis were dominant in the mid-water at all stations. The distribution of Oncaea ornata GIEsBRECHT is given in Fig. 4 as an example. This species was found widely distributed in the deep water of the whole observed area, though the occurrence of the species in the area referred to in this paper was confirmed for the first time. ANRAKU (1952) reported that the female specimens of Oncaea conifera from the deep water of the Oyashio had all a pair of egg-sacs in November 1948, the similar trend was observed also in the specimens of the present material.
Calanus helgolandicus and C. finmarchicus were distributed widely both horizontally and vertically. They were predominant in the surface or subsurface water in the Kuroshio region m early spring and in the transitional area in late spring. Such occurrences may possibly be attributed to their reproductive activity. The geographical distributions of these two species are overlapping each other in the adjacent seas of Japan. BRODSKY (1950) pointed out the morphological differences, especially those in the structure of the fifth feet of the male specimen, found between the specimens of these two species from the north western Pacific and those from the Atlantic. Calanus helgolandicus in the present material possibly corresponds to Calanus pacificus BRODSKY. Calanus finmarchicus in the present material, 3.6-4.0 mm in female and 3.2-3.3 mm in male, does not fit any Pacific species reported by BROSKY, but it resembles TAN AKA's ( 1956) large-sized specimens of Calanus finmarchicus from the Izu region, which were 3.5-4.07 mm in female and 3.0-3. 7 mm in male.
Successive changes of the vertical distribution of the cold water copepods from the Oyashio region to the Kuroshio region
According to their distributions, copepods found in the surveyed area may be grouped in the following six categories: a) Temperate or tropical species which are distributed in the surface water of the Kuroshio region. This group contains more than 20 species. b) Abyssal forms distributed in the mid-or deep-water of the Kuroshio region. c) Abyssal forms living in the deep water of the Oyshsio region. d) Species distributed in the mid-water of the Oyashio region. e) Subarctic species living in the surface water in the Bering Sea or the Okhotsk Sea, but submerging to the mid-water in the Oyashio region. f) Subarctic species living in the surface water of the Oyashio region, but descending to the mid-water in the transitional area. The population of the last group is considered to be originated in the Oyashio and thus to be available effectually to trace the water mass of the Oyashio current moving down to the transitional area and then to the Kuroshio region. For instance, Eucalanus bungii bungii of this group shows the following vertical distribution at five stations (Fg. 5). This species was found frequently in the surface layer at St. S-1, but the population of the adult was much smaller than that of the copepodite. The number of total individuals becomes smaller in deeper layers, but the ratio of the adult to the copepodite increases there. With the distance from the Oyashio region, the population of this species moves down to the deeper layers and also becomes smaller.
• The copepod fauna at St. Hl2 seems to be mostly derived from the Oyashio region, with some addition of the warm water species. The subarctic species found at St. T-1 are considered to have reached there, being carried across the Kuroshio current, for instance, by cold-water eddies formed at the end of meanders of the Kuroshio extension. The cold-water pelagic animals at St. N-1 are seemingly transported there from the Oyashio extension along the coast of Joban, the eastern district of Honshu Island, and then gradually sinking under the warm water off Enshu-Nada (FuRUHASHI: 1965) . The composition of copepods at three stations H12, N-1 and T -1, is influenced not only by the relative geographical situation of respective stations to the proper part of the Oyashio region, but also by the migration of the cold water masses. Figure 6 shows schematically the relative vertical distribution of Eucalanus bungii bungii JoHNSON at these stations. The more the distance is from the proper part of·the Oyashio region, the more deeply the animals go down. The sinking gradient is calculated here tentatively as 100m per 120 nautical miles. The cold-water species of the Oyashio region, such as Calanus cristatus, C. plumchrus, Eucalanus bungii bungii, Pareuchaeta elongata and Metridia lucens are found there most abundantly in the surface layer. However, the most part of their surface populations consists of their copepodite stages, and the adults are always found in the deeper water. This vertical separation might be due to the vast demand of food in youngs. The quantity of food in the Kuroshio region is estimated as about one tenth of that in the Oyashio region. The author indicated in his previous paper (FuRUHASHI: 1953) that the limit of the distribution of the cold water forms in the Japan Sea followed approximately the isotherm of 11 °C. He also reported that the occurrence of Metridia lucens in the daytime was usually limited to the water layer with the temperature in the range 0.42°C-ll °C, though it was found migrated up to the layers with the temperature l2°C-l5°C at night in the Oyashio region (FuRUHASHI: 1965) . The cold water copepods transported to the deep layers of the Kuroshio region by the Oyashio extension underlying the warm water may survive for a considerably long time, but they will be unable to reproduce there. Recently, KITou (1965) reported that four boreal species, Calanus cristatus, C. plumchrus, Eucalanus bungii bungii and Metridia lucens, were found in the deep water of the Kuroshio region, but the earlier copepodid stages of these species were not found in the southern part of the Kuroshio extension.
It is to be noticed that the occurrences of the subarctic copepods were confirmed frequently by several authors in the Kuroshio region west of the Bonin submarine ridge after 1963. Such subarctic copepods derived from the Oyashio region had never been found in that region before 1961 (FuRUHASHI: 1961 . It is well known that a cold water domain had been maintained in the sea south of Honshu scince 1954 and the main stream of the Kuroshio flowed first to the south around this cold water domain before the stream approached Boso Peninsula in the north. That time, the m 1~0~--2---+-------4-------~-------+------~----~ Fig. 7 . Vertical distribution of the water temperature at four stations.
Oyashio extension was limited to the coastal region north of the Kuroshio current east off Japan. This cold water domain disappeared in 1963 and the Kuroshio current flows now towards the east, often keeping a large distance to Boso Peninsula. On the other hand, the Oyashio flows southwest towards the Kuroshio region along the coast of Honshu this time. In such circumstances, the following conclusions may be accepted very easily: a) The occurrence of the subarctic species in the mid-water of the Kuroshio region indicates the existence of some extension of the Oyashio current deep under the warm water layers. Here "the warm water" does not mean the Kuroshio current axis. b) The existence of the Oyashio water under the warm water can be confirmed as long as those subarctic species survive within that cold-water mass. According to BRODSKY (1938) Calanus cristatus is said to reproduce once a year in the subarctic water of the Japan Sea, but no study has ever been made on the life cycle of the subarctic copepods in the area referred to in this paper.
The author assumed in his previous paper (FuRUHASHI: 1961) that the absence of the cold-water copepods in the Kuroshio region might deny the existence of the Oyashio water under the warm water. But now his supposition must be changed as follows: the occurrences of the cold water copepods in the deep water of the Kuroshio region indicate the existence of the Oyashio water recently supplied there. However, it is impossible that such subarctic copepods carried from the Oyashio region will survive in the Oyashio water underlying the warm water for so long time. After the migration for a long time beyond the life span of those subarctic copepods, the existence of the submerged Oyashio water under the warm water will not be confirmed biologically.
Summary
I. In the Oyashio region Scolecithricella minor and the copepodite stage of Calanus cristatus were dominant in the surface layer, Racovitzanus antarcticus and Metridia longa in the mid-water, and Heterorhabdus tanneri was dominant in the deep water. 2. Calanus cristatus, C. plumchrus, Eucalanus bungii bungii, Scolecithricella minor and Metridia lucens were dominant in the surface water of the Oyashio region, but they were distributed, too, in the mid-water of the transitional area. 3. Scaphocalanus curtus, Metridia venusta and M. curticauda were dominant in the midwater of the Kuroshio region, but Conaea gracilis, Mormonilla phasma and M. minor in the deep water. 4. Oncaea conifera, 0. ornata and Spinocalanus abyssalis were abundant in the mid to deep water at every station. 5. The cold-water copepods may indicate the existence of the Oyashio water at the deeper level in the Kuroshio region, and at the same time the existence of such copepods may tell us the length of the history of that Oyashio water mass in the warm water region.
